Background The presence of discordances between common carotid and coronary atherosclerosis in the same individual has not been previously reported.
therosclerosis is a systemic disease affecting the intima of medium-sized or large arteries. Although the clinical evaluation of atherosclerosis is generally difficult, its superficial location beneath the skin of the carotid artery enables the use of carotid ultrasonography to estimate severity by evaluating luminal stenosis, intimamedia thickness (IMT), and the presence and extent of plaque. Because the severity of carotid atherosclerosis supposedly reflects that of systemic atherosclerosis, a positive result on carotid ultrasonography is generally considered a risk factor for cardiovascular events, especially for coronary heart disease and stroke. [1] [2] [3] Carotid IMT is even regarded as an indicator of generalized atherosclerosis. 4 The correlation between carotid and coronary atherosclerosis, however, remains unknown in the general population, because the assessment of coronary atherosclerosis is not as easy or as safe as carotid ultrasonography. Significant correlations have been reported among patients who underwent coronary angiography. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Nevertheless those results can not be simply applied to the general population because of the apparent subject biases in the studies. Previous autopsybased pathological reports have also described positive correlations between carotid and coronary atherosclerosis, but the correlations were relatively weak, with the correlation coefficients ranging from 0.4 to 0.6. [17] [18] [19] [20] [21] Consequently, the data suggest possible discordances between carotid and coronary atherosclerosis in the same individual. Thus, the simple assumption of a good correlation in atherosclerotic severity among the different arterial beds could lead to an under-or overestimation of coronary atherosclerosis in discordant cases. Recently, Bots et al addressed this issue of weak correlation between the carotid IMT and coronary atherosclerosis in an excellent review. 22 The present study attempted to identify discordances between carotid and coronary atherosclerosis by examining a large number of consecutive autopsy cases. We focused on cases with minimal carotid atherosclerosis, but with severe coronary atherosclerosis, in which the risk of coronary atherosclerosis would be underestimated based on the findings of common carotid ultrasonography alone.
Methods

Subjects
The subjects comprised 1,518 consecutive autopsy cases, performed at the Tokyo Metropolitan Geriatric Hospital (Tokyo, Japan) between 1995 and 2003, excluding 30 cases of regional autopsies or with insufficient descriptions of atherosclerosis. All the patients had been aged 60 years or older at the time of their death. No medicolegal cases or cases of community death were included in the series. The patients' characteristics are shown in Table 1 . The male-tofemale ratio was 1.2. The average age of the women at the time of death was 82.2 years, which was significantly higher than that of the men (79.2 years). The average autopsy rate during this time period was 40%. We have been posting our autopsy cases on an Internet-based database known as "The Japanese SNP database for geriatric research (JG-SNP)" (http://www.tmgh.metro.tokyo.jp/jg-snp/english/E_top. html) since April 2003, as previously reported. 23 
Clinical Information
The subjects' histories of smoking and drinking, the presence of various underlying or complicating diseases, and their serum lipid values were retrieved from their clinical charts. Information on smoking and drinking habits were available in 1,387 cases (91.4%) and 1,383 cases (91.1%), respectively. Smoking and drinking habits were significantly more common among the men than among the women.
The mean of all available values measured in either the outpatient clinic or during admission represented each patient's serum lipid value. Serum total cholesterol and highdensity lipoprotein-cholesterol (HDL-C) data were available in 1,192 cases (78.5%). The data collection of lipid measurement was reviewed in the first 100 cases. The number of measurements of total cholesterol ranged from 0 to 89 times, with a mean (±SD) and median of 16.6 (±19.5) and 9 times, respectively. The number of measurements of HDL-C ranged from 0 to 82 times, with a mean (±SD) and median of 10.8 (±15.0) and 4.5 times, respectively. The duration of observation reached 5,733 days with a mean (±SD) and median of 1,972 (±1,716) and 1,540 days, respectively. The average total cholesterol and HDL-C values were relatively low, indicating malnutrition and a decrease in the daily activity levels of the subjects prior to death. The average total cholesterol and HDL-C levels were both significantly higher in women than in men. Hypercholesterolemia (total cholesterol ≥2.2 g/L) was more prevalent in women, whereas hypo-HDL-cholesterolemia (HDL-C <0.4 g/L) was predominant in men.
The direct causes of death were determined according to the death certificate issued after the autopsies. The major cause of death was malignant neoplasm, followed by pneumonia and heart diseases. The incidence of cerebrovascular disease was relatively low. Heart disease and cerebrovascular disease were significantly prevalent among the women in this elderly population.
Pathological Examination of Atherosclerosis
The atherosclerotic index of the common carotid artery (CC-AI) was evaluated by macroscopic examination of the luminal surface of formalin-fixed arteries, as previously reported. 24 The degree of atherosclerosis was scored according to the ratio of the occupying atheroma to the entire intimal area: from 0 (absent, <1/20 of the intimal areas occupied by the atheroma), 2 (minimal, 1/20-1/6), 4 (mild, 1/6-1/3), 6 (moderate, 1/3-2/3), to 8 (severe, 2/3-1).
The coronary stenotic index (CSI) was determined according to a previously described method. 25 The extent of coronary sclerosis was examined using transverse sections at 5-mm intervals. The degree of coronary stenosis was scored from 0 to 5: 0 for no sclerosis, 1 for slight stenosis, 2 for 25% stenosis, 3 for 50%, 4 for 75%, and 5 for 100% obstruction. The CSI was the sum of the stenotic scores in 3 branches: the left anterior descending branch, the left circumflex branch, and the right coronary artery. The calculation of the CSI was different from that used in angiographic evaluation, as shown in Fig 1. The atherosclerotic stenosis at the origin of the internal carotid artery (ICA-S) was assessed in the most recent 210 cases (419 arteries). Three categories were defined as none (0%), mild stenosis (25% to 50%), and moderate to severe stenosis (≥75%).
Myocardial infarction (MI) was defined on a pathological basis as the presence of myocardial scars more than 1 cm in diameter and attributable to coronary stenosis. 
Statistical Analysis
The t-test and Fisher exact test were used to compare background between the sexes and between cases with or without severe coronary atherosclerosis. The fitness to a normal distribution of the CC-AI and CSI values was examined using the Shapiro-Wilk W test. Multiple regression analysis was performed to examine the contributions of the pathobiological determinants for the CC-AI and CSI values. Independent variables for this analysis included the age at death; the presence of hypercholesterolemia, hypertension or diabetes mellitus; and smoking status. A multiple logistic regression analysis was also performed to examine the risk factors for coronary heart disease and pathologically determined MI. The statistical significance level was set at 0.05. The SAS system for Windows (ver. 8.1) and JMP (ver. 6.0) (SAS Institute Inc, Cary, NC, USA) were used for the statistical analyses.
Ethical Considerations
Written informed consent was obtained from the families prior to the autopsy examination. The use of autopsy materials for medical education and research is generally permitted by the Act of Postmortem Examinations of Japan.
Results
Severity and Correlation of Common Carotid and Coronary Atherosclerosis
The CC-AI and CSI scores had a normal distribution (W=0.907, p<0.0001; W=0.972, p<0.0001, respectively). The median and mean (±SD) of the CC-AI scores were 4 and 3.5 (±1.9), respectively, while those of the CSI scores were 8 and 8.3 (±3.7), respectively. The simple correlation coefficient was 0.456 (p<0.0001). The partial correlation coefficient was 0.38 (p<0.0001), when adjusted by sex, age, and presence of hyperlipidemia, hypertension, diabetes mellitus and a smoking history. As shown in Fig 2, severe coronary atherosclerosis (CSI ≥12), coronary heart disease and pathologically-verified MI were prevalent among the cases with moderate to severe common carotid atherosclerosis (CC-AI ≥6), but were not infrequent among 689 cases with minimal common carotid atherosclerosis (CC-AI ≤2): severe coronary atherosclerosis in 74 (10.7%), coronary heart disease in 68 (9.9%), and pathologically-verified MI in 80 (11.6%).
Discordance Between Common Carotid and Coronary Atherosclerosis
Among the 689 cases with minimal common carotid atherosclerosis (CC-AI ≤2), those with severe coronary atherosclerosis (CSI ≥12) were compared with those with less severe coronary atherosclerosis (CSI <12), as shown in Prevalence of severe coronary atherosclerosis, coronary heart disease (CHD) and pathologically-verified myocardial infarction (patho-MI). Among the cases with minimal common carotid atherosclerosis (CC-AI ≤2), severe coronary atherosclerosis (CSI ≥12), CHD and patho-MI were not infrequent (≈10%). CC-AI, common carotid atherosclerotic index; CSI, coronary stenotic index. 
Discordant cases
Pathobiological Determinants of Common Carotid and Coronary Atherosclerosis
The age at death and the hypercholesterolemia, hypertension and smoking status were selected as significant determinants of the common carotid atherosclerosis (CC-AI), as shown in Table 3 . Diabetes mellitus was significant only in women. Hypercholesterolemia in men and hypertension in both sexes had relatively higher regression coefficients.
The age at death and the hypertension and diabetic statuses were significant determinants of coronary atherosclerosis (CSI) in both sexes. Hypercholesterolemia in women and smoking in men were also significant. Hypertension and diabetes in both sexes and hypercholesterolemia in women had relatively higher standard regression coefficients. Table 4 shows the risk factors for coronary heart disease and pathologically-verified MI. Hypertension, diabetes mellitus in both genders and age at death in women were significant risk factors for both coronary heart disease and MI.
Risks of Coronary Heart Disease and PathologicallyVerified MI
Association Between Common Carotid Atherosclerosis and ICA-S
The number of arteries in the lowest, intermediate, and highest tertiles of ICA-S was as follows: 376 (90%; none), 21 (5%; mild stenosis), and 22 (5%; moderate to severe stenosis). As shown in Fig 3, a significant linear association was present between CC-AI and ICA-S (p<0.0001). Among the cases with severe common carotid atherosclerosis (CC-AI, 6 to 8), ICA-S was noted in only 19.5% (8.5% with mild stenosis and 11.0% with moderate to severe stenosis).
Discussion
The present study confirms the presence of different degrees of common carotid and coronary atherosclerosis in the same individual. More precisely, 11% of the present cases with minimal common carotid atherosclerosis had severe coronary atherosclerosis; these cases could be called "discordant cases". The discordant cases had higher serum cholesterol levels and higher prevalences of diabetes mellitus and a history of smoking.
Postmortem Study
Previous autopsy studies reported significant positive correlations between carotid and coronary atherosclerosis; [17] [18] [19] [20] [21] although those correlations were not strong, with correlation coefficients ranging from 0.4 to 0.6. Young et al examined the correlations among the cerebral arteries or among the coronary arterial branches and between the 2 arterial beds and reported a weaker correlation between carotid and coronary atherosclerosis (r=0.57) than among the cerebral branches (r=0.89-0.96) or among the coronary arterial branches (r=0.74-0.82). 17 Solberg et al also reported a weaker correlation between carotid and coronary atherosclerosis than between aortic and coronary atherosclerosis. 19 Pasterkamp et al reported no significant correlations between plaque accumulation or luminal stenosis in the common carotid artery and luminal stenosis of other peripheral arteries. 26 
Imaging Study
Several epidemiological studies (ARIC study, Rotterdam study and CHS) reported increased IMT of the carotid artery as a risk factor for cardiovascular events. [1] [2] [3] Those studies also showed that some participants with the lowest rank of carotid IMT suffered from cardiovascular events during the observation, which indirectly supports the presence of discordant cases of carotid and coronary atherosclerosis. 1, 3 Coronary angiography studies have yielded conflicting results regarding the association between coronary angiography findings and the carotid IMT. Several studies have reported significant associations between B-mode findings and the severity of coronary angiography findings. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] In contrast, Adams et al studied 350 cases with an average age of 60 years and reported a weak correlation between the Association between common carotid atherosclerosis and internal carotid arterial stenosis. A significant linear association was present between common carotid atherosclerotic index (CC-AI) and internal carotid artery stenosis (ICA-S) (p<0.0001). Internal carotid arterial stenosis was noted in only 19.5% (8.5% with mild stenosis and 11.0% with moderate to severe stenosis) of the cases with severe common carotid atherosclerosis (CC-AI 6-8).
carotid IMT and the extent of coronary atherosclerosis or stenosis (r=0.23 and 0.26, respectively), indicating a need for caution when using carotid IMT as a surrogate marker for coronary atherosclerosis. 8 Sakaguchi et al reported that coronary artery lesions were present among 33.8% and 51.4% of the patients with the lowest quartile of CCA-IMT and combined IMT, respectively. 27 Recently, GongoraRivera et al analyzed the degree of coronary atherosclerosis in patients with stroke and reported that coronary atherosclerosis and MI were frequent, not only in stroke patients with significant carotid and cerebral atherosclerosis, but also in stroke patients without it. 28 Even after determining the ideal carotid IMT thresholds, the negative predictive value of the examination was low, ranging from 0.41 to 0.58. 9, 11 Thus, a considerable number of cases with a normal carotid IMT can be expected to have severe coronary atherosclerosis.
Risk Factors and Causes of Discordance
All the previous studies have focused on the overall correlation between carotid and coronary atherosclerosis. The present study is the first to deal with discordant cases exhibiting conflicting severities of common carotid and coronary atherosclerosis. Although atherosclerosis is definitely a systemic disease, its severity in 1 arterial bed often differs from that in another arterial bed for unexplained reasons. Different risk factors may affect the arterial beds in different ways. The present study showed that not only common determinants of common carotid and coronary atherosclerosis, such as age, hypertension and hypercholesterolemia, but also artery-specific determinants, including smoking for common carotid atherosclerosis and diabetes mellitus for coronary atherosclerosis, were present. These findings agree with previous results. [29] [30] [31] Thus, further studies are needed to clarify the pathological mechanisms of artery-specific risk factors. Otherwise, this discordance can be explained by differences in the temporal order of atherosclerotic involvement. The coronary artery is affected by atherosclerosis early in life, whereas the carotid artery is involved later. 24, 32 This time lag might be responsible for a number of discordant cases with severe coronary atherosclerosis and mild common carotid atherosclerosis.
Interpretation of Our Data
The atheroma-occupying ratio of the intima, not the IMT, of the artery was measured in this study. Pignoli et al first reported that the IMT, as measured by carotid ultrasonography, represented the histologically determined combined thickness of the intima and media. 33 Thus, the CC-AI scores determined in the present study may parallel the plaque score of the common carotid artery rather than CCA-IMT values.
Sakaguchi et al reported that the plaque score, IMT of the bulb to internal carotid artery and the combined IMT measurement could be better than the IMT of common carotid artery for predicting coronary lesions in a population with cardiovascular risks. 27 Hulthe et al stressed the importance of measuring the IMT not only in the common carotid artery, but also in the carotid bulb for coronary assessment. 34 Other studies also showed that the carotid plaque burden, especially in the bifurcation and bulb, are important for predicting coronary events. 35, 36 Because the study of internal carotid atherosclerosis was limited to small numbers of autopsy samples, we could not address the site-specific association with coronary atherosclerosis in the carotid arterial tree. Our data were consistent with those of clinical reports that showed that common carotid atherosclerosis was not a suitable site for ultrasound evaluation of coronary atherosclerosis. A detailed pathological analysis and comparison of internal carotid atherosclerosis and coronary atherosclerosis is warranted in future research.
Early studies by the International Atherosclerosis Project reported marked geographic, racial and gender-related variations of the degree and distribution of atherosclerosis. 37 Because nearly all subjects in this study were Japanese, replication of our results in other populations are necessary.
Conclusion
We have confirmed that discordance between common carotid and coronary atherosclerosis can exist in the same person. The concept of atherosclerosis as a systemic disease could lead to an impression that a strong correlation exists between common carotid and coronary atherosclerosis. This could, in turn, lead to an underestimation of coronary atherosclerosis and coronary event risk in patients with normal carotid imaging. As several clinical studies indicate, ultrasound assessment of the carotid bifurcation and bulbs is necessary, in addition to that of the common carotid artery, to predict coronary events.
